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1. Superflares on solar-type stars 
<Superflares> 
Very large flares 10-104 times more 
energetic than the biggest solar 
flares (~1032erg). 
 
Kepler data (prime mission) 
 ⇒ We found many (>1000) 
superflares on solar-type (G-type 
main sequence) stars.  
(Maehara+2012& 2015, Shibayama+2013) 
Can the variation be really  
explained by rotation ? 
 
Do large starspots really 
exist? 
 
⇒Spectroscopic 
observations !  
 
 
               
↑Fig.1: Lightcurve of a superflare star  
− Many superflare stars show quasi-periodic 
brightness variations. 
 
   Such variations can be explained by the rotation 
of a star with large starspots.   (Notsu+2013) 
          − brightness variation amplitude  
                   ≈ spot coverage 
B
ri
g
h
tn
e
s
s
 V
a
ri
a
ti
o
n
 
Date 
1% 
(a) 15days 
5 hours 
      Superflares are flares that release total energy 10-104 times greater than that of the biggest solar flares (~1032 erg). Recent Kepler-space-telescope observations found more than 1000 
superflares on a few hundred solar-type stars (Maehara et al. 2012, Nature; Shibayama et al. 2013, ApJS, Maehara et al. 2015 EPS). Such superflare stars show quasi-periodic brightness 
variations with the typical period of from one to a few tens of days. Such variations are thought to be caused by the rotation of the star with large starspots (Notsu et al. 2013, ApJ). However, 
spectroscopic observations are needed in order to confirm whether the variation is really due to the rotation and whether superflares can occur on ordinary single stars similar to our Sun. 
      Then we have carried out spectroscopic observations for 50 solar-type superflare stars with Subaru/HDS (Notsu et al. 2015a&b, PASJ). As a result, more than half (34 stars) of the target 
stars show no evidence of binarity, and the atmospheric parameters of these stars are in the range of solar-type stars. 
     The detailed analyses for these 34 stars show that (1) the projected rotational velocities (v sin i ) are consistent with the rotational velocities estimated from the brightness variations, (2) 
there is a correlation between the brightness variation amplitude and the intensity of Ca II IR triplet line. These results support that the brightness variation discussed above is explained by 
the rotation of a star with large starspots. 
We observed 50 superflare stars.                                                          
(6 nights during 2011-2013) 
R=λ/Δλ=50,000～100,000 & λ=6100~8800A 
 
   More than half (34 stars) of  the 50 target stars  
   are found to be single solar-type stars !!  
 
We conduct detailed analyses for these 34 “single” stars. 
Subaru 
Telescope 
2. High dispersion spectroscopic observations 
with Subaru/HDS 
(Notsu+2015a&2015b,   
   Honda+2015) 
4. Indirect estimation of starspot coverage  
      with Ca II 8542 
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←Fig. 5 
As the magnetic activity 
enhanced, the core depth 
becomes shallow because 
of the greater amount of 
the emission from the 
chromosphere.  
          
 ⇒ We can indirectly 
confirm existence of 
large starspots !! 
Brightness Variation Amplitude 
≒ Starspot coverage   
[ Fig, 6 ] 
 Starspot coverage vs. Ca II 8542 intensity  
Correlation between the 
brightness variation amplitude 
and the intensity of Ca II lines. 
 
Existence of large starspots, 
which is originally suggested 
from Kepler photometric data, 
is confirmed with spectroscopic 
data. 
 
 
  
r0(8542): 
Normalized 
intensity of  
Ca II 8542  ⇒    
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3. Do brightness variations correspond to rotation? 
Line of Sight 
i
Rotation axis 
inclination 
angle (i) 
We measure “v sin i” (projected 
rotation velocity) from Doppler 
broadening of Fe I lines.  (Fig. 2⇒)           
   
Fast rotators ⇒ wide line profile 
Slow rotators ⇒ narrow line profile 
Edge-on view(sin i =1) 
Pole-on view 
Pole-on view 
Velocity estimated from brightness  
variation period (Vlc[km s
-1]) 
v sin i  
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← [ Fig. 3 ]  
Most of the data points locate 
below the line of i=90° 
 ⇒ “Brightness variation   
          = Rotation” is OK !! 
[ Fig. 4 ] “Flare energy vs. starspot coverage”  
⇒  If we assume brightness variation   
      amplitude correspond to spot coverage,   
      we can expect flare energy is explained  
      by the magnetic energy stored around  
      the starspots. 
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⇒ ⇒ “v sin i” (projected rotational velocity) measured from spectroscopic 
              results is consistent with the rotational velocity estimated from  
              the brightness variation. 
E∝A3/2 
The same color data points in 
each figure correspond to the 
same star groups. 
If the star has a low-inclination angle, 
datapoints of superflares on such star can 
locate above the line of E∝A3/2 . 
 
   Stars that were confirmed to have low 
inclination angle from Fig. 3 locate 
above the line of E∝A3/2   in Fig. 4. 
 
      ⇒ These two figures are consistent ! 
Low 
inclination  
angle stars !! 
5. Summary 
○ We conducted spectroscopic observations of 50 solar-type superflare 
stars with Subaru/HDS. 
  ー More than half (34 stars) of  the 50 target stars are found to be                          
single solar-type stars. 
 
○ Brightness variation of superflare stars can be explained by the 
rotation with large starspots !! 
 
  ー v sin i (from spectroscopic data)                                                                          
⇔ velocity from the brightness variation period                  
                  ⇒ They are Consistent !  
  ー Correlation between the brightness variation amplitude                                          
and the intensity of Ca II 8542.                    
 [Future studies] 
ー Spectroscopic observations of more stars having large starspots.                                                                                                                   
(with Subaru, Kyoto-Univ 3.8m new telescope, etc) 
ー New data of superflares and starspots                                                                         
from TESS and PLATO 
ー Long-term monitoring, differential roation, etc. 
  (2019? ~) (2018 ~) 
